Objectives To examine how the recovery following Hurricane Katrina affected pregnancy outcomes. Methods 308 New Orleans area pregnant women were interviewed 5-7 years after Hurricane Katrina about their exposure to the disaster (danger, damage, and injury); current disruption; and perceptions of recovery. Birthweight, gestational age, birth length, and head circumference were examined in linear models, and low birthweight (\2500 g) and preterm birth (\37 weeks) in logistic models, with adjustment for confounders. Results Associations were found between experiencing damage during Katrina and birthweight (adjusted beta for high exposure = -158 g) and between injury and gestational age (adjusted beta = -0.5 days). Of the indicators of recovery experience, most consistently associated with worsened birth outcomes was worry that another hurricane would hit the region (adjusted beta for birthweight: -112 g, p = 0.08; gestational age: -3.2 days, p = 0.02; birth length: -0.65 cm, p = 0.06).
Introduction
The effects of Hurricane Katrina continue to be felt in New Orleans, 10 years later. The population of New Orleans in 2013 was at 78 % of 2000 levels, with particularly sharp declines seen among African-Americans [1] . Some parts of the city still feature destroyed buildings and roads. Housing rentals became more unaffordable, the poverty rate remains high [2] , crime is a constant concern, and the number of blighted and abandoned houses and buildings rose sharply after the storm [3] . In addition, less all-encompassing but still potentially traumatic disasters (such as Hurricanes Gustav and Isaac, and the Deepwater Horizon oil spill) have occurred in the time since Katrina. While post-traumatic stress disorder (PTSD) and psychological distress have declined among residents, they have not returned to pre-hurricane levels [4] , and one study found a more persistent course of illness in Katrina-exposed populations than other disaster-exposed populations [5] .
Disaster may cause worsened birth outcomes among exposed pregnant women, but the evidence is still mixed (review [6] ). Negative effects on fetal growth and birthweight have been found in many studies, including after terrorist attacks and bombings, environmental disasters, and natural disasters, though counter-examples can be found [6] . However, several large studies of terrorist attacks, hurricanes, and chemical disasters found no association with gestational age or preterm birth, although some smaller studies found increased risk [6] . Similarly, Hurricane Katrina was associated with a higher risk of low birthweight and preterm birth in a smaller study [7] , but no associations were seen in the larger analyses of vital records data [8, 9] .
Conservation of Resources (COR) theory [10] proposes that loss of resources (that which people value) results in psychological distress. As originally conceptualized, resources fall into four categories: objects, personal characteristics (e.g., knowledge, self-esteem, skills), conditions (e.g., interpersonal relationships, employment, sense of community), and energies (e.g., credit, money, insurance) [10] . All of these categories can be significantly impacted, over the long term, by disaster. The COR model has empirical support for short-term effects of disaster on mental health: studies conducted 2-7 months after disasters have found resource loss to be one of the strongest predictors of psychological distress [11] [12] [13] . In a previous study of Hurricane Katrina, postpartum women interviewed 1-3 years after disaster indicated that loss of resources mediated the effects of hurricane exposure on depression [14] . Studies of physical effects are less extensive, though Smith and Freedy [13] found that psychosocial resource loss mediated the effects of flood exposure on physical symptoms.
Additionally, disasters can lead to resource loss spirals, or the continued loss of resources [15] , causing the effects of disaster to linger for years. Long-term socioeconomic decline and socioeconomic resource deficit were associated with cardiometabolic events and pain 4 years after Hurricane Katrina, even after the initial experience of the hurricane was taken into account [16] . A study done 3 years after the Wenchuan earthquake found high levels of chronic disease and low quality of life [17] . Loss of resources due to the Exxon Valdez oil spill was associated with depression, anxiety, and PTSD among fishers 6 years after the spill [18] . Most long-term studies find that, while resilience and recovery are the most common psychological responses to disaster, a small proportion of the population will exhibit chronic or increasing mental health symptoms even decades after the event [19] .
We are aware of only one previous study that has examined the long-term effect of disaster on pregnancy. This study examined both New York after the September 11 attacks and Madrid after the train bombing, and found a long-term increase in infant mortality in New York, but no increase in low birthweight or preterm birth, and no longterm effects on low birthweight, preterm birth, or infant mortality in Madrid [20] . This study relied on vital records data, and so had no information about the individual experiences of the women either during or after the attacks. In this analysis, we examine how initial hurricane experience, continuing disruption, and resource deficit predict birth outcomes in a cohort of New Orleans pregnant women. We hypothesized that current disruption and negative perceptions of recovery would be associated with poor birth outcomes; that hurricane experience would be also associated with poor outcomes; and that current disruption and resource deficit would partly account for associations between hurricane experience and birth outcomes.
Methods Population
Study participants were recruited from seven clinical sites (prenatal clinics, childbirth classes, and Healthy Start classes) between 2010 and 2012 for a study of hurricane recovery, birth outcomes, and mental health. Women were eligible if they were 18 years or older, living in the greater New Orleans area, receiving regular prenatal care, and between 6 and 9 months pregnant. Since one of the study goals was to compare different models of prenatal care, women not receiving care were excluded. About 94 % of Louisiana (93 % of New Orleans) women receive prenatal care in the first or second trimester [21] . Given the relatively small proportion of women not receiving any (as opposed to late, who were eligible for this study) prenatal care and the fact that including women not receiving prenatal care would probably require a separate study, the omission of women who did not receive prenatal care was not considered a major source of bias. On recruiting days, all women at the sites were approached and asked to participate. Women also contacted the study after seeing recruitment flyers at the sites. Four hundred and two women participated; medical records could be located for 308 of them. Reasons for records being unavailable included women not delivering at the hospital that they indicated that they would deliver at, moving from the area, and changing their names; these could not be distinguished. There were no statistical differences between women who could be matched to medical records and women who could not with respect to age, race, education, marital status, income, parity, or smoking. Eight women had twin or triplet pregnancies, leaving 300 for analysis. Two hundred and ninety-seven had complete data on at least one exposure and outcome.
Measures

Exposures
Hurricane experience was measured with 11 questions, based on a study of Hurricane Andrew by Kaniasty and Norris [22] . This scale was associated with poorer mental health and birth outcomes in previous studies [23, 24] . Factor analysis was conducted to group the questions for similar aspects of exposure, creating three categories: damage, perceived/experienced danger, and injury, largely consistent with previous work [25] . Scores in each category were summed and categories merged to create sufficient power. Damage was created from some or more ''damage to house'', ''house flooded'', some or greater ''impact of hurricane'', and some or greater ''total impact on other people'', and categorized as 0 = low experience, 1-3 = medium, and 4 = high. Danger was created from ''felt life in danger'', ''walked in floodwater'', and ''saw someone die'', and categorized as 0 = low, 1 = medium, and 2-3 = high. Injury was created from ''experienced illness/injury'', ''someone in household experienced illness/injury'', ''someone near died'', and ''someone else important experienced illness/injury'' and categorized in the same way as danger.
Women were also asked to rate their perceptions of life in the city and expectations for the city's future. The majority of the question wordings were taken from the Kaiser Foundation survey ''Giving Voice to the People of New Orleans'', a general survey of life in post-Katrina New Orleans [26] . Questions touched on personal recovery from Katrina (somewhat/very disrupted vs. largely or completely back to normal) and satisfaction with life in one's parish (very/somewhat dissatisfied vs. somewhat or very satisfied). Women were also asked about progress in a series of areas (crime, health care, services, rebuilding neighborhoods, schools, streets, levees); these were summed and categorized to a three-level variables for perception of progress in recovery. Several questions asked about the level of worry the participant had about their and the city's future in various domains (hurricanes, income, health care, pollution, levees, housing); these were dichotomized as very much/somewhat versus not too much/not at all. Overall economic resource deficit was created as the sum of worry scores about not having sufficient income, accessing health care, and having a place to live, and dichotomized as ''high'' if at least two of these were reported as ''very worried''. Factor analysis was performed to reduce the number of items; satisfaction with life in the parish and progress in the city's recovery were thus combined to a single 3-level variable.
Mental health was assessed through the indications of depression, post-traumatic stress disorder (PTSD), and pregnancy-related anxiety. The Edinburgh Postnatal Depression Index (EDSI) was used to measure depression [27] . Although initially designed for postnatal depression, the measure has been validated for pregnant women [28] and is useful for this population because it avoids symptoms common to both depression and pregnancy, i.e., changes in sleep and appetite. A cutoff value of 12 [29] was used to indicate likely depression. The PCL is the posttraumatic checklist, which asks about symptoms (PTSD checklist) [30] . Ventureyra reported a Cronbach's alpha of 0.86 for the PCL [31] . PTSD symptoms were dichotomized at scores [50. Pregnancy-specific anxiety was assessed using the Revised Prenatal Distress Questionnaire [32] . This 17-item instrument explores health concerns related to health of mother and baby, symptoms of pregnancy, medical care and financial issues related to pregnancy. Responses were scored on a Likert scale (0 = not at all, 1 = somewhat, 2 = very much), and dichotomized to [17 indicating the presence of prenatal anxiety.
Outcomes
All outcome measures were abstracted from medical records. Birthweight, length, head circumference, and gestational age were examined as continuous outcomes. Low birthweight (birthweight \2500 g) and preterm birth (\37 completed weeks of gestation) were examined as secondary analyses.
Confounders
Age, race, education, marital status, smoking, and income were included in models as confounders because of their associations with the exposures in this dataset and known associations with the outcome. Unless otherwise specified, variables listed were modeled in the form listed in Table 1 .
Effect Modifiers
Because of concerns that the results might not apply to women who moved to New Orleans after Katrina, or that they would vary by length of time displaced, we also examined an interaction with these measures. Women were asked whether they lived in New Orleans prior to Katrina (yes/no) and how long after Katrina they had returned/-moved to the New Orleans area (categorized as \1, 1-2, 3-4, 5? years). 
Analysis
Variables were examined for distributions and frequencies. Bivariate and multivariable associations were examined using linear (for continuous) and logistic (for dichotomous) models. Initial analysis included only predictor variables, and multivariable analysis included the confounders above. The next planned analysis included possible mediators of effects of hurricane experience-disruption, resource deficit, and mental health. The results indicated that resource deficit was the most likely mediator, so results were analyzed with overall resource deficit as a covariate. The interaction between exposure measures and living in New Orleans prior to the storm, as well as timing of return to New Orleans, was examined using a product term. Missing data for covariates were multiply imputed using PROC MI and MIANALYZE in SAS 9.3 [33] ; most commonly missing was income (n = 18; 6 %).
The study was approved by the Institutional Review Boards of LSU and Tulane University, and all participants provided written informed consent.
Results
The study population was largely in their 20 s, majority African-American, unmarried, and low-income (Table 1) . Incidence of low birthweight and preterm birth was 6-7 % (of the group with these complications, 39 % were low birthweight only, 39 % preterm birth only, and 23 % both); median birthweight was 3250 g and median gestational age was 39.2 weeks. There was a large range of exposure to Katrina, with 23 % reporting no serious exposure to the hurricane and 12 % reporting eight or more serious experiences of the hurricane. Similarly, 36 % reported their lives were completely back to normal, while 10 % reported their lives were still much disrupted. There were demographic differences in reported exposure to the hurricane and current life disruption (Table S1 ); in particular, African-American women reported more current disruption, more initial hurricane exposure, and more worries about resources. First, we examined the women's current living situation and concerns (Table 2) . Most consistently associated with worsened birth outcomes was worry that another hurricane would hit the region (adjusted beta for birthweight: -112 g, p = 0.08; gestational age: -3.2 days, p = 0.02; birth length: -0.65 cm, p = 0.06).
Mental health was not strongly associated with any outcome (Table 3) . Depression was not associated with birthweight, gestational age or birth length, and was associated with head circumference only in bivariate association (unadjusted beta, -0.52 cm, p = 0.01; adjusted beta -0.26, p = 0.26). For PTSD, the associations were in the direction of PTSD being associated with reduced gestational age (adjusted beta -2.85 days, p = 0.17) and higher preterm birth rate (adjusted OR 3.61, 0.93-14.03; table S2). All relationships between pregnancy-related anxiety and the outcomes were small and/or imprecise.
Hurricane experience was associated with some complications (Table 4) . In bivariate analysis, more severe hurricane experience was associated with lower birthweight (danger, damage, injury), gestational age (injury), birth length (danger, injury), and head circumference (danger, damage, injury). After adjustment for confounders, associations remained between damage and birthweight (adjusted beta for high exposure = -158 g) and between injury and gestational age (adjusted beta = -5.0 days). The major change in effect estimate and statistical strength for associations with other aspects of the hurricane was from adjusting for standard confounders, rather than resource deficit. There was an increased risk for preterm birth with injury (aOR 5.22, 1.60-17.06, p for trend \0.01; table S3), and perhaps with damage and danger.
Women who lived in New Orleans prior to Katrina were reported higher levels of current disruption, dissatisfaction with the parish and recovery, depression, and PTSD compared to those who did not. They also reported higher exposure to the hurricane, although about 10 % of the women who had not lived in the city reported some degree of exposure, most likely due to living in other affected areas or due to effects on family and friends. Women who returned earlier were less likely to report that their life was still disrupted. There were no other significant differences. Living in New Orleans prior to the storm and time of return did not directly predict any outcome, nor were there any consistent interactions with any of the disruption, worry, mental health, or hurricane experience variables. All aspects of disruption and hurricane experience predicted all mental health outcomes, with the exception of worry about future hurricanes, which was unassociated with either depression, PTSD, or pregnancy-related anxiety.
Discussion
This study is one of the few to consider long-term effects of disaster on pregnant women. Our hypotheses (current disruption, negative perceptions of recovery, and hurricane experience would be associated with poor outcomes) were only partially borne out. In this analysis of pregnancy and birth outcomes 7 years after Hurricane Katrina, some measures of experience of the hurricane were still associated with reduced gestational age and neonatal growth measurements, as was ongoing worry about future hurricanes. There were fewer direct associations with current disruption or perceptions of recovery, making them unlikely mediators. To our knowledge, only one previous study that has examined the long-term effect of disaster on [20] . This study is generally consistent with previous research finding that disaster affects infant growth and gestational age [6] , although our results were not always robust to adjustment for confounders. Previous research has tended to find stronger associations with growth than gestational age. A few other outcomes have been examined in Katrina-exposed populations, and initial exposure severity was most strongly associated with slow recovery from PTSD after Katrina in one study, consistent with ours [5] . We also hypothesized that, consistent with the COR theory and some other studies [16] , resource deficit would partly account for associations between hurricane experience and birth outcomes. Our results, though, would suggest that the initial hurricane experience and ongoing hurricane-related worry were most important in predicting outcomes, as the results were not consistent with substantial mediation by current socioeconomic resource deficit.
The long-term effect of disasters on birth outcomes could work through several mechanisms. The difficult circumstances do not disappear in the months following the storm. Surrounding circumstances may lead to increases in risk factors for adverse pregnancy outcomes-for instance, lack of access or concern for contraception could lead to more unplanned pregnancies or sexually transmitted infections [34, 35] . Pregnant women with PTSD are at increased risk of adverse birth outcomes [36] , health behaviors, and health care [37] . Disparities in food access continue to exist and worsened after the storm [38] which, combined with the tendency for mothers to put their needs behind those of their children during disasters, could lead to nutritional deficits [39] . An excess of household breakup was documented after Katrina [40] , and disaster exposure was associated with partner violence in at least one study [41] , which could lead to reduced economic and social support. Finally, consistent with the associations seen with continued worry about the hurricanes, stress and anxiety have frequently been associated with adverse birth outcomes [42] . The associations with worry about hurricanes are of particular interest because they were not strongly correlated with any of the sociodemographic variables, and may therefore be less susceptible to residual confounding. This is one of the first studies to examine the long-term effects of disaster on pregnant women. Limitations of the study include a fairly small sample size (any positive associations could be statistical artifacts) and the self-report of hurricane experience which occurred up to 7 years prior. Many of the associations were substantially reduced by adjustment for confounding, indicating that the associations that remain may be the result of residual confounding. The study is limited to pregnant women who were receiving some form of prenatal care, and who had returned to the city. However, only a small proportion of women do not receive any prenatal care [21] . Rates of complications were lower in our sample than the parish averages, which may reflect the fact that the women were receiving prenatal care to some degree. All women in the sample lived in the New Orleans area, meaning they were at least somewhat exposed to the post-disaster environment; still, the range of exposure to Katrina within the sample was substantial. The population shifted after Katrina, and those who have relocated might be at higher risk (still separated from social networks and hometown) or decreased risk (not exposed to daily reminders of the storm, living in more functional cities).
This study could indicate that major disasters can have long-term effects on the reproductive health of vulnerable populations. Alternately, they could indicate that women who are most vulnerable to severe experiences of natural disaster are also vulnerable to poor pregnancy outcomes. Either interpretation could be of importance to those planning for and supporting women during disaster recovery. Future studies should continue to monitor the perceptions and outcomes of disaster during the challenging recovery phase. 
